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Tannins have particular significance in both 
soils and plants because of their ability to 
combine with proteins to produce resistant 
complexes and to inhibit certain potential 
phytopathogens. They participate in forma- 
tion of soil humus and development of soil 
profiles (7, 11, 17, 18, 19, 22, 36). High content 
of tannins in plant materials is associated with 
resistance to microbial attack (32), and the 
durability of certain long lived trees and their 
wood has been ascribed to their high tannin 
content (24, 29, 36, 37, 38). The tannins are 
large molecular weight polyphenols that differ 
in structure and biological significance. They are 
the fourth most abundant plant constituents 
following cellulose, hemicelluloses, and lignins 
and, together with lignin, are the most abun- 
dant and widely distributed phenolic polymers 
of higher plants (34, 36). 

Tannins vary in their susceptibility to micro- 
bial attack and are transformed slowly by 
certain fungi, principal among which are species 
of the genera Penicillium and Aspergillus (12, 
13, 16, 21, 28, 33). Species of Fusarium, Cylin- 
drocarpon, Gliocladium, and Endothia have 
been implicated also in the decomposition of 
various tannins (3, 14, 20). There is little 
information about decomposition of tannins by 
basidiomycetes (10, 17). However, these fungi 
are suspect because of their ability to break 
down lignins which contain polyphenolic resi- 
dues similar to those found in tannins (8, 9). 
Results of Basaraba (1) suggest that some bac- 
teria attack chestnut and wattle tannins. 
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Hydrolyzable tannins are believed to be 
more susceptible to microbial attack than 
condensed tannins (26). A purified prepara- 
tion of wattle tannin, a representative of the 
latter, was decomposed very slowly by a mixed 
soil population in culture solution; from 3 to 
17 per cent of the tannin carbon was released 
as CO, aerobically in 21 days, depending on 
the pH and tannin concentration (4). Under 
the same conditions two-thirds or more of the 
carbon of proteins, hemicelluloses, and poly- 
saccharides was oxidized to CO,. Somewhat 
more rapid decomposition of tannins of chest- 
nut wood, wattle, and gall nuts was reported 
by Martin (25). 

Protein-tannin complexes are much more re- 
sistant to microbial decomposition than un- 
altered proteins (3, 4, 5, 6, 11, 17, 27) and 
the complexes were found to be more resistant 
at pH 4.0 than at neutrality (3, 4, 6). Seldom 
have the microorganisms involved in the de- 
composition been determined. Handley (17) 
implicated wood-rotting basidiomycetes in de- 
composition of complexes of gelatin and tan- 
nins of leaf extracts. 

Inhibition of decomposition of some high 
molecular weight non-proteins was ascribed to 
inactivation of exocellular microbial enzymes 
(5), adsorption of tannins by the compounds 
(6), and to protection of the compounds by 
coatings of tannin-protein complexes (17). 

Previous reports by the junior author and 
associates included results of studies of the 
decomposition of some crude tannins, purified 
wattle tanin, diverse tannin-protein complexes, 
and mixtures of tannins, polysaccharides, and 
hemicelluloses in culture solutions (3, 4, 6). 
This report deals with the decomposition of 
similar materials in a forest soil. 


MATERIALS AND METHODS 


The following tannins were used: tannic acid 
(52.2% C), gallotannin (53.7% C), chestnut 
tannin (56.7% C), catechin (61.9% C), wattle 
tannin (55.4% C), and canaigre tannin (51.4% 
C). The first three are hydrolyzable tannins 
and the others condensed tannins.” The chest- 
nut, wattle, and canaigre tannins were purified 
by the method of Roux as modified by Benoit 
et al. (4). 

Determinations were made of the decom- 
position of the tannins and other organic 
compounds in A-horizon material of a hard- 
wood forest soil of pH 4.2. The soil was a 
loamy sand that contained 4 per cent organic 
matter. Fifty gram portions of the soil were 
added to 300 ml. Florence flasks, and 0.05 g. 
NH,Cl was added. In the experiments on de- 
composition of tannins and tannin complexes, 
0.5 g. portions of the finely powdered dry 
substances were mixed uniformly with the soil. 
In the experiments on the influence of tannins 
on decomposition of non-proteins, 0.5 g. por- 
tions of these compounds (chitin, saponin, 
starch, pectin) were used and the tannins were 
added separately in amounts to provide con- 
centrations of 0.1, 0.4, and 1.0 per cent. The 
results are reported on the basis of 100 g. 
portions of soil and percentages of the sub- 
stances incorporated with the soil. The mois- 
ture-holding capacity of the soil was brought 
to 60 per cent and the flasks of soil were in- 
cubated at 28°C for 60 days during which the 
amounts of CO, produced were determined 
(35). The values for CO, produced from con- 
trol soils were subtracted from those of the 
amended soils. 

The tannin-protein complexes were prepared 
as follows: 5% (w/v) solutions of each of 5 
tannins (tannie acid, gallotannin, catechin, 
chestnut tannin, wattle tannin) and four pro- 
teins (albumin, Na-caseinate, gelatin, gliadin) 
were prepared in 0.5% NaCl and held at room 
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temperature for several hours. The tannin so- 
lutions were adjusted to pH 3.0. Equal vol- 
umes of solutions of tannin and protein were 
slowly combined and then mixed in a rotary 
shaker for 1 hr. The flocculent gummy pre- 
cipitates were filtered off, washed, and dried 
at 100°C, and the horny resinous products 
were ground to fine powders. In this manner, 
20 different complexes were prepared. The 
protein contents of the tannin-protein com- 
plexes were calculated from their nitrogen 
contents. The carbon contents of the organic 
compounds and the CO.-carbon produced dur- 
ing their decomposition were determined. 
Percentage decomposition of the compounds 
refers to the percentage of the carbon content 
recovered as CO.. Inhibition of protein de- 
composition was calculated from the amounts 
of CO. produced in soil from each of the or- 
ganic compounds used separately (e.g. tannic 
acid, albumin) and from the synthesized com- 
plexes. Inhibition of decomposition of other 
organic substances was calculated as follows, 
using the gallotannin-chitin item as the ex- 
ample. An appropriate amount of gallotannin 
was added to one portion of soil (A), and of 
chitin to another (B). The same amounts of 
gallotannin and chitin were mixed separately 
with a third portion of soil (C). The CO, 
produced by the three portions of soil was 
determined. Inhibition of decomposition re- 
fers to the decrease in amount of CO,-carbon 
released from soil C from the sum of the 
amounts from soils A and B. 


RESULTS 


Decomposition of tannins 


Four of the six tannins underwent appre- 
ciable decomposition in the forest soil in 60 
days (fig. 1). This included the three hydrol- 
yzable tannins, tannic acid (44%), gallotannin 
(40%), and chestnut tannin (26%), and one 
of the condensed tannins, catechin (27%). Very 
little CO, was released from wattle and canaigre 
tannins. With all tannins decomposition was 
most rapid during the first 12 days. 


Decomposition of tannin-protein 
complexes 


All of the complexes of the tannins with the 
proteins albumin, casein, gelatin, and gliadin 
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contained more protein than tannin. The tan- 
nin-protein ratios varied from 0.49:1 to 0.96:1 
and 80 per cent of the ratios were between 
0.64:1 and 0.89:1 (table 1). All of the com- 
plexes decomposed somewhat and there was 
considerable variation in susceptibility to at- 
tack of the complexes of any one tannin. In 
general, the resistance of the complexes to 
decomposition and the inhibitive effects of the 
tannins on decomposition paralleled decom- 
posability of the tannins (fig. 1); the most 
readily decomposed complexes were those con- 
taining tannic acid, gallotannin, and catechin. 
The complexes of high molecular weight tan- 
nins, wattle and chestnut tannins, were the 
most resistant to microbial decomposition. The 
three simpler tannins caused inhibition of pro- 
tein decomposition greater than 24 per cent 
in only two cases whereas the inhibitive effect 
of the high molecular weight tannins was less 
than 24 per cent in only one of 8 cases. 

As with the tannins, the tannin-protein 
complexes decomposed in soil most rapidly 
during the first few days of incubation. The 
rate of decomposition toward the end of the 
incubation period of 60 days was very slow 
which may indicate that the residue was of a 
resistant nature. 


Influence of tannins on decomposition of 
some non-proteins 


When several non-proteins were mixed with 
the forest soil and incubated for 60 days the 
following amounts of the substrate carbon were 
released as CO,: chitin, 50%; saponin, 42%; 
starch, 37%; pectin, 38%. As shown by table 
2, tannins were generally effective in reducing 
the decomposability of non-protein substrates 
even though the tannins and the other com- 
pounds were added to the soil separately and 
not as preformed complexes, as was the case 
with the tannins and proteins. Gallotannin, 
chestnut tannin, and catechin had the most 
consistent and greatest inhibitive effects on the 
decomposition of chitin, saponin, and starch. 
Except for their effects on pectin and the 
effect of wattle tannin on saponin, the average 
inhibitions by the tannins were nearly alike. 
Decomposition of pectin was affected least, 
with only catechin and high concentrations of 
gallotannin causing significant inhibition of 
decomposition. With few exceptions, inhibition 
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Fic. 1. Decomposition of tannins in a forest 
soil. A—tannic acid, B—gallotannin, C—catechin, 
D—chestnut tannin, E—wattle tannin, F—ca- 
naigre tannin. 


of decomposition increased with increasing 
concentrations of tannin, but the differences 
were not great for ten-fold increases in tan- 
nin. In some instances, 0.1% tannin was as 
effective as 1.0% tannin as an inhibitor of de- 
composition. 


DISCUSSION 


Previous reports of this series were con- 
cerned with decomposition of tannins and their 
complexes in culture solutions whereas this 
communication deals with their decomposition 
in soil. In some respects these results differ 
from what might have been expected from the 
results with the culture solutions. The dif- 
ferences are ascribed to various effects of the 
soil on the organic compounds, such as de- 
creasing their mobility and distribution, af- 
fecting their concentration in the soil water 
and reactivity by adsorption and chemical 
reaction with soil minerals, and direct in- 
fluences of the heterogeneous soil system on the 
microorganisms. There is evidence that soil 
minerals affect tannins; it was observed by 
Scheffer et al. (30, 31) that iron oxides and 
silicic acids catalyzed oxidative polymerization 


244 LEWIS AND STARKEY 


TABLE 1 
Decomposition of tannin-protein complexes 


COs-C Produced 


C Content Inhibition 
Compiex* Tannin-Protein of Sub- a m Desai 
plex Ratio strate Complex used position 
Separately 

mg mg % mg % 
Ta-albumin 0.69:1 497 204 41 232 12 
Ta-casein 0.89:1 464 221 48 235 6 
Ta-gelatin 0.67:1 471 305 65 308 1 
Ta-gliadin 0.89:1 473 220 47 275 20 
Ga-albumin 0.64:1 411 264 64 266 1 
Ga-casein 0.82:1 453 210 46 273 23 
Ga-gelatin 0.96:1 435 264 61 314 16 
Ga-gliadin 0.75:1 456 196 43 310 37 
Ch-albumin 0.79:1 470 90 19 175 49 
Ch-casein 0.89:1 459 152 33 200 24 
Ch-gelatin 0.67:1 446 93 21 268 65 
Ch-gliadin 0.67:1 483 80 17 264 70 
Ca-albumin 0.72:1 462 214 46 222 4 
Ca-casein 0.49:1 491 234 48 243 4 
Ca-gelatin 0.82:1 451 168 37 289 42 
Ca-gliadin 0.92:1 494 208 42 273 24 
Wa-albumin 0.89:1 551 99 18 183 46 
Wa-casein 0.64:1 496 116 23 219 47 
Wa-gelatin 0.49:1 492 230 47 282 18 
Wa-gliadin 0.52:1 526 150 29 267 44 


i ooa mm 
* Ta—tannic acid, ga—gallotannin, ch—chestnut tannin, ca—catechin, wa—wattle tannin. 


TABLE 2 


Inhibition of decomposition of non-proteins in association with tannins 
aeea aa N L a aM 
Decrease in CO:-C Evolved over 


— Substrate + Tannin C Evolved as CO:-C Constituents used Separately 
Chitin Saponin Starch Pectin Chitin Saponin Starch Pectin 
% % % % % % % % % 
nn be ab m 

Gallotannin 0.1 43 37 24 39 14 12 37 1 
0.4 37 28 25 33 24 36 38 21 

1.0 30 25 20 29 33 39 49 25 

Chestnut 0.1 37 32 24 37 24 22 35 3 
0.4 28 25 19 31 29 25 36 1 

1.0 23 19 19 30 39 41 37 4 

Catechin 0.1 35 25 25 28 25 38 30 23 
0.4 29 23 23 26 29 34 29 23 

1.0 26 22 21 21 28 34 31 34 

Wattle 34 35 27 36 28 13 25 3 
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of polyphenols, and Kyuma and Kawaguchi 
(23) noted that allophane in clays adsorbed 
large amounts of chestnut tannin and ap- 
parently promoted its oxidative polymeriza- 
tion. 

As noted by others, hydrolyzable tannins, 
including the chemically complex chestnut tan- 
nin, decomposed more rapidly than condensed 
tannins, and the more complex the compounds 
of each group the more resistant they were. 
In general, also, resistance of the tannin-pro- 
tein complexes to microbial decomposition in- 
creased with increase in chemical complexity 
of the tannin component. This is consistent with 
the observations that complexes of gallotannin 
and enzyme proteins decomposed rapidly (27) 
whereas complexes of gelatin and condensed 
tannins were considerably more resistant, par- 
ticularly at acid reactions (2, 4). 

An acid forest soil (pH 4.2) was used in all 
of the experiments. Since it has been found 
that the tannin-protein complexes are more 
resistant at acid reactions they might have 
been less resistant in more nearly neutral field 
soils. 

Under the experimental conditions used, the 
effects of the tannins on decomposition of 
relatively large molecular weight non-proteins 
were not consistent with their degree of com- 
plexing of proteins and the stability of the 
tannin-protein complexes. All four tannins sig- 
nificantly reduced decomposition of chitin and 
starch and, with the exception of wattle tannin, 
also that of saponin. Whereas in other ex- 
periments chestnut and wattle tannins were 
most effective in inhibiting protein decomposi- 
tion, both tannins were least effective in the 
inhibition of pectin decomposition, and wattle 
tannin only slightly inhibited saponin decompo- 
sition. It is presumed that the principal tannin 
effect involves complexing of the microbial 
enzymes concerned with initial hydrolyses of 
the compounds. In soil this complexing would 
have been affected by mobility of the tannins 
and the other compounds as well as by other 
factors that influence contact between the tan- 
nins and enzymes. The results might have been 
different if the tannins and the other non- 
protein compounds had been mixed in solu- 
tion before they were added to the soil. In 
this connection it has been shown that, with 
mixtures of wattle tannin and pectin in solu- 
tion, the inhibitive effect of the tannin in 21 
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days was 17 per cent at pH 4.0 and 25 per 
cent at pH 7.0 (6), whereas it was only 3 per 
cent in the forest soil in 60 days. 

Under conditions in nature the tannins and 
proteins and other materials with which they 
combine may react within the plant tissues to 
form resistant complexes (17, 18). In the pres- 
ent study, tannin-protein complexes were used 
to simulate such conditions. However, when the 
tannins and the other compounds were incor- 
porated with the soil separately and not as 
performed complexes, conditions seem to have 
been somewhat unfavorable for complex for- 
mation. 


SUMMARY 


Decomposition of tannins, tannin-protein 
complexes, and some non-proteins in the pres- 
ence of tannins in a forest soil was estimated 
from the amounts of CO, produced in 60 days. 
The following was the order of increasing de- 
composability of the tannins: wattle and 
canaigre tannins, chestnut tannin and catechin, 
gallotannin and tannic acid. Resistance of the 
tannin-protein complexes varied with the tan- 
nins and proteins. The average resistance of 
the gliadin complexes was greater than that 
of complexes of albumin, casein, and gelatin. 
The chestnut and wattle tannin-protein com- 
plexes were more resistant than those of 
catechin, tannic acid, and gallotannin. In gen- 
eral, stability of the tannin-protein com- 
plexes was a function of the resistance of the 
tannin portion of the complexes; complexes of 
high molecular weight tannins were most re- 
sistant to microbial decomposition. 

When tannins were incorporated with soil to 
which chitin, saponin, starch, or pectin had 
been added, decomposition of the latter com- 
pounds was appreciably reduced in most cases. 
The greater the amount of tannin the greater 
was the inhibitive effect but it was not pro- 
portional to the amount of tannin. The tan- 
nins inhibited decomposition of starch, chitin, 
and saponin more than that of pectin. The 
average inhibitive effect of catechin exceeded 
that of gallotannin and chestnut tannin. 
Wattle tannin had the least effect. 
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